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INTRODUCTION 
The role of the adrenal glands in maintaining homeo­
stasis and, more specifically, their role in body temperature 
regulation are well documented. The truly remarkable discovery 
of cortisone served to focus the attention of investigators 
on the development, biochemistry, anatomy and physiology of 
these glands. 
Laboratory studies have incorporated a variety of experi­
mental procedures, including perfusion techniques and use of 
in vitro and ^  vivo preparations. Since 1946 great advance­
ments using perfused, isolated, intact glands, tissue slices, 
homogenates and enzyme preparations have been made. The in 
vitro technique, as an example, can nicely supplement data 
on hormones obtained by the ^  vivo methods. This is 
especially true in the study of metabolic pathways in specific 
tissues where hormones, steroids in this case, are involved. 
The extent and degree of adrenal gland secretion(s) involve­
ment in body metabolism during temperature regulation in 
hibernators and nonhibernators are still uncertain. 
Suggestions concerning biothermogenesis began about 300 
years ago, but general acceptance of certain concepts has 
occurred only in the last ten years. In I67O Willis proposed 
that the heat in blood arose from some sort of fermentation 
process involving the combination of chemical agents. Mayow 
(1674) provided the concept that body heat production resulted 
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from chemical combustion within the lungs. Prior to this inter­
pretation, the lungs were supposed to have cooled the blood. 
Later Bernard (1876) outlined the role of the skin in 
autonomus regulation of body temperature, but assigned equal 
importance to the liver and its functions. 
The relationship of the adrenal glands and their products 
to secretion from other endocrine organs during temperature 
regulation at low temperatures is still somewhat confusing. 
On exposure to cold, response of the adrenals and other 
endocrine glands varies with nearly every physiological param­
eter of the system (Hoffman, 1964). Animals exposed to cold 
undergo a slight weight loss but, after a brief period of 
time, seem to regain weight by adjustments of caloric intake 
and heat loss. These two types of adjustments connote at 
least two orders of control, one neuroregulatory and the other 
metabolic. 
In the present study adrenal function in the rat, a non-
hibernating homeotherm, was compared with that of the ground 
squirrel, a hibernating homeotherm. Elaboration of adrenal 
corticoids in the animals during short term cold exposure was 
used as a possible test of adrenocortical function. 
Norepinephrine, Tapazole and hexamethonium were injected 
into live animals prior to jjn vitro analysis of steroidogenesis. 
The possibility that these drugs might enhance or inhibit 
corticoid production was Investigated. 
3 
LITERATURE REVIEW 
Anatomical and Physiological History of the Adrenals 
Some historians (Eisenstein, 1967) credit Eustachius 
(1563) as the first to describe accurately the gross adrenal 
anatomy in man; others tend to give such credit to Galen (172 
A.D.). However, the first scientifically accurate description 
did not appear until later, Echer (1846) was the first worker 
to publish a detailed account of the microscopic structure of 
the adrenals. 
Addison (l855) described the disease caused by a mal­
function of the adrenal capsules. Brown-Sequard (I856) 
attempted to prepare extracts of the adrenals to prolong life 
of adrenalectomized animals. He failed because the adrenal 
elaborations are not water soluble. Successful extractions 
of adrenal products were not made until the work of Rogoff 
and Stewart (1929); Hartman and Brownell (1930); and Swingle 
and Pfiffner (1930). A crystalline steroid of unknown 
function was described in 1936, but in the same year the 
isolation of deoxycorticosterone was reported. (Reichstein, 
1936). Later, cortisone was isolated by Sarett (1947). 
Hydrocortisone was synthesized by Hench and Kendall (1950), 
and aldosterone was isolated by Tait and Simpson (1952) 
from urine. 
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The Adrenals and Temperature Regulation 
Because most mammals are homeotherms, they are able to 
maintain a relatively constant body temperature despite 
broad or varying fluctuations in their environmental tempera­
tures. Homeotherms, especially hibernators on exposure to 
cold, employ a wide range of physiological reactions to 
maintain their body temperatures. Hibernators occur primarily 
within the orders Chiroptera, Insectivora and Rodentia (Hoff­
man, 1964). 
The role of enzyme function in temperature regulation is 
of great importance. Mokrasch (1959) stated that some enzy­
matic processes occur at 0° C. These processes are partially 
demonstrated by hibernating animals during spontaneous 
arousals, when body temperatures are well below normal, but 
above 0° C. 
Experiments on temperature regulation and metabolism 
show that most values for body temperature decline during 
hibernation from 1/30 to l/lOO of those of normal animals. 
Some workers (Kayser, 1938) report changes in respiration, 
heart rate and in metabolism before an actual change occurs 
in the body temperature. 
At the onset of exposure to cold, initial responses of 
laboratory animals are reported to fall into two general 
categories, namely, heat conservation mechanisms and mecha­
nisms of heat production. Heat conservation mechanisms can 
involve neurophysiological changes producing changes in 
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hemodynamics and the insulation qualities of the animals body. 
In this case insulation is accomplished by accumulated fat 
and/or the development of a special fur covering. 
Heat production is further divided into two processes 
known as nonshivering and shivering thermogenesis. Shivering 
thermogenesis is the major means of increased heat production 
in mammals during initial exposure to cold. It is not evident 
in fishes, amphibians or reptiles. 
The contribution of shivering to total body heat produc­
tion varies not only with ambient temperature but within 
species, body size, nutritional state and level of acclimation 
or adaptation (Smith and Hoijer, 1962), The Importance of 
shivering thermogenesis was well demonstrated by Carlson 
(I960), who used curare in rats undergoing initial exposure 
to cold. Curare abolished shivering, and a fall in body 
temperature was noted. 
Nonshivering thermogenesis increases the heat production 
via a series of biochemical reactions (Masro, I968). The 
catecholamines are said (Masro, 1968) to be involved as 
trigger or initiating systems for nonshivering thermogenesis; 
however the actual site or mechanism for such a system has 
not been completely explained. 
Preparation for hibernation by successful hibernators 
must be preceded by physiological and metabolic adjustments 
which take place throughout the summer and early fall (Hoff­
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man, 1964). Such preparation is evidenced by cyclic changes 
in the endocrine system and especially in the pituitary, 
adrenal and thyroid (Johnson, 1931j Wells, 1935; Poster, 
1939). Hoffman (1964) thinks seasonal fluctuations in ground 
squirrel adrenals directly parallel those activities of the 
reproductive system. 
The adrenal glands, according to evidence cited by Mann, 
1916; Zalesky, 1934; Kayser, 1938, 1940, do undergo both 
histological and morphological alteration toward those of 
seasonal changes in size and activity, with maximal levels 
in spring and minimal levels in fall and winter. During the 
latter period of hibernation, the adrenal cortical secretions 
are initially elevated above normal and then return to normal 
levels as the animal completes arousal. 
A more recent citation reported that during cold 
acclimation the adrenal cortex can be found in almost any 
stage from hypertrophic to degenerative, depending largely 
upon the environmental conditions, duration of cold exposure 
and various other factors. (Hoffman, 1964). 
The classical experiments of Tyslowitz and Astwood (1942) 
concerning adrenal Involvement in cold exposure, showed that 
adrenalectomized animals possessed less cold resistance than 
normal animals, and that treatment with cortical steroid 
extracts could restore their former level of resistance to 
cold. In normal animals, corticosteroid levels, during 
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exposure to cold, tend to Increase to greater than normal 
levels, but for only a brief period of time and then return 
to nearly normal levels. 
Sympathetico-adrenal effects were demonstrated by Hsieh, 
Carlson and Gray (1957), when they reported potentiating 
effects of noradrenalin upon spontaneous shivering thermo-
genesis. In using curarized rats they showed that noradrenalin 
and not adrenalin was elaborated at the terminal sympthetic 
nerve endings within the muscle bed. Depocas (I96O) reported 
that noradrenalin increases metabolic rate more in cold 
acclimated animals than in normal animals. Other reports 
(Hsieh ejb , 1957) vary as to whether noradrenalin is the 
mediator per se in cold acclimated animals. Chaffee (1963) 
in disagreement with Depocas, postulated that, with respect 
to the chemical basis of nonshivering thermogenesis, chickens 
were different from mammals. Popovic (I960) suggested that 
adrenal glands and other endocrines have the same function 
in hibernators as in nonhibernators, that is, no difference 
as far as temperature regulation is concerned. There is 
general agreement that adrenalectomized animals do survive 
winter temperatures longer than those counterparts exposed to 
summer temperatures. Reports on the involvement of the 
adrenal medulla in cold exposure vary; Ring (1942) showed 
that cold resistance diminished in cortical demedullated 
white rats, whereas Morin (1942), working on dogs with cortical 
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demedullation glands, found that It did not. 
Therefore, considerable differences of opinion still 
exist concerning the immediate importance of the adrenal 
glands inthermogenesis, especially the sites of suggested 
actions. 
The Adrenal Gland Relationship 
to the Thyroid During Cold Stress 
The general response to cold involve activation of the 
pituitary gland followed by responses in the adrenal and 
thyroid glands. However, the nature and sequence of these 
responses are still not understood, and are further compli­
cated by species differencing in anatomy and physiology. 
Earlier work by Bernstein (1941) was consistent with 
present day beliefs regarding thyroid-adrenal relationship 
during cold stress, but was without conclusive proofs. He 
believed that the thyroid and adrenal glands are in some 
manner concerned with maintenance of a constant body tempera­
ture, perhaps operating in conjunction with the neural chem-
oregulatory mechanisms. These neural chemoregulatory mech­
anisms are not elucidated by Bernstein. 
Sellers, You and Thomas (1951) concluded that the 
adrenals and thyroids were necessary in cold acclimation 
initially, but after the process begins, the elaborations 
of these glands and their effects are only minimal. Deane 
and Lyman (1954), working on the effects of cold stress on 
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adrenal and thyroid glands, compared the hamster and the 
white rat. Their conclusions were that such a comparison 
was not possible because the hamster, when exposed to cold, 
entered hibernation. Therefore, no response occurred and 
no meaningful comparison could be made between the functioning 
of the glands In the two species. In a physical stress experi­
ment, Brown-Grant (195^) reported that two steroids, cortisone 
and adrenocorticotropic hormone, act mainly by suppressing 
pituitary-thyrotropic hormone secretion. Nara (1957), working 
with rabbits In low temperature, concluded that the calorl-
genlc action of the thyroid hormone required some sort of 
permissive action of the glucocorticoids, while its catabolic 
action, as shown in the condition of creatinurla, is mediated 
through the glucogenic action of the corticolds. 
In experiments involving adrenal-thyroid extract, 
Pregly (i960) revealed that such extracts were most effective 
in maintenance of body temperature during cold exposure when 
administered in graded doses. Following this line of study, 
Bauman and Turner (1966) concluded that rats, when exposed 
to cold temperature, survived best when treated first with 
graded doses of corticosterone plus thyroxine. Thyroxine 
alone was less effective, while corticosterone alone was 
least effective. Steinetz and Beach (I963) In studies 
involving the adrenal-thyroid relationship, concluded that 
thyroid deprivation in Itself does not result in seriously 
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impaired adrenocortical function in the rat. Thiouracil 
was reported as influencing adrenal function through an 
unspecified extrathyroidal mechanism. Therefore, they 
stated that a thyroid effect on adrenal gland function is 
mediated through an hypophyseal-adrenocorticotropic release 
system. Furthermore, they suggested that the thyroid effect 
on adrenal function could best be demonstrated in hypophy-
sectomized or prednislone-blocked rats. However, the 
corticoid distribution volume varies inversely with thyroid 
activity levels. This may represent one of several mechanisms 
in homeostasis, one which opposes the development of hyper-
corticosteroidism in the hyperthyroid animal. 
Thus, an adrenal-thyroid relationship apparently does 
exist, but the actual biochemical and physiological relation­
ships are still obscure. Further work must be done, not only 
in cold stress, but with other types of stress as well. 
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MATERIALS AND METHODS 
Animals 
Sprague-Dawley-Rolfsmeyer rats weighing from 13O-25O 
grams were used. The animals were housed, four per cage, in 
a temperature (25+0.5° C) and humidity (R.H.-5^) controlled 
room. They were kept on normal diet of laboratory rat chow 
and given tap water ^  libitum. 
The ground squirrels (Spermophilus tridecemlineatus), 
were trapped locally and housed in identical surroundings. 
The squirrels were also given laboratory rat chow and water 
ad libitum. 
Experimental Procedure 
The two species were used in a time, temperature and 
pharmacological treatment experiment of adrenal response to 
* 
adrenocorticotropic hormone stimulation to vitro. The 
measure of adrenal response to corticoid production with 
ACTH stimulation of a whole or total adrenal gland as compared 
to a demedullated (cortical hereafter) gland was attempted in 
vitro. 
Animals were injected with the equivalent of 4 uc of 
I ^^^/lOO grams body weight. The radioactive material sodium 
iodine, carrier free, was obtained from Abbott Laboratories. 
Pour groups each of 6 rats and 6 ground squirrels 
*ACTH hereafter. 
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received the following treatments: 
a) Animals receiving no further treatments (hereafter 
called controls). 
b) Animals receiving 1 ml I.P. (intraperitoneal) 0.4 
mg/ml Tapazole (l-methyl-2-mercaptoimidazole). This 
drug was obtained from the Department of Animal 
Science Laboratories, Iowa State University, Ames, 
Iowa. 
c) Animals receiving the Tapazole treatment plus an 
injection I.P. of 1 ml hexamethonium chloride at 
0.5 mg/ml. This drug was obtained from Nutritional 
Biochemical Company. Control No. 8899. 
d) Animals receiving Tapazole treatment plus an 
injection I.P. of 1 ml norepinephrine (noradrenalin) 
at 0.2 mg/ml. This drug was obtained from Nutritional 
Biochemical Company. Control No. 8899. 
The animals in the above treatment groups, were then 
exposed to one of the following temperatures: 25° C, 10° C, 
or 5° C for periods of either 4, 8, or 12 hours. 
All animals were killed by injections of nembutal sodium 
I.P. at 0.7 ml per animal. The adrenals were kept at 0° C 
in buffered Krebs medium in an ice tray prior to incubation 
according to the method of Saffran and Bayliss (1952). The 
procedure of Glick, Von Redlich and Levine (1963) was initially 
tried but produced samples too small in volumes for available 
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analysis equipment. 
The method eventually used was that of OKROOS and ocRoos 
(1964). The final volume of medium used was 8 ml/lOO mg 
adrenal tissue, including 250 uU ACTH/ml. Adrenalcortico-
tropic hormone was obtained from Nutritional Biochemical 
Company. The tissue was incubated at 37° C in a Warburg 
apparatus and extracted according to the method of OEROOS 
and D« Roos (1964). 
Corticosterone was determined from readings obtained on 
a Turner Plourimeter, Model llOB. Statistical analysis of 
variance was done at Iowa State University, Department of 
Statistics, Ames, Iowa. 
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RESULTS 
Significant differences existing between the rat and 
ground squirrels regarding adrenal response, as shown in 
the literature, are also indicated in this experiment 
(Tables 1, 2, and 3)•* However, differences between the 
response of the whole gland and that of the cortex (de-
medullated gland) in the rat are significant. In the ground 
squirrel, response of the whole gland, compared to that of 
the cortex is only significant at 5° C. Results at other 
temperatures are of no apparent significance. 
Analysis of variance (Table l) shows animal species, 
temperature, time and treatment interactions to be highly 
significant (P > 0,1). Table 2 shows cortical response 
between the two species to be highly significant (P > O.l). 
The Tapazole treatment effect alone is also highly significant, 
especially in ground squirrels at 5° C and 12 hours duration. 
There is noticeable interaction associated with the duration 
of exposure to cold between the two species. Table 3 con­
tains values of Tables 1 and 2 and supports the suggestion 
of valid differences between the two animal species under 
time, temperature, and treatment variables. 
The temperature effect in general, as indicated in all 
three tables appears to be significant (P > 0.25). The 
I 
temperature, time interaction is shown to be significant 
* 
For all tables and figures, see Appendix. 
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(P > O.l) in Tables 1, 2, and 3. Effects of treatment alone 
on both species, as to adrenal response, are shown to be 
substantial. Figure 1 shows an Indirect effect of Tapazole 
on vitro steroid output from ground squirrel adrenals. 
The cortex did not show this response. 
At 5° C (Table 2) control and treated rats showed nearly 
Identical adrenal response to ACTH stimulation. Hexamethonlum 
treated animals increased cortlcoid output, but was not 
considered significant in either the whole adrenal or cortex. 
The response of white rats and ground squirrels at 10° C is 
interestingly different (Figures 3, 4, 8, and 10). The rats 
when exposed over eight hours responded greatly to norepine­
phrine, but showed correspondingly sharp decreases to other 
treatments and temperatures. Comparing the ground squirrels 
at 10° C to time and treatment shows low level or minimal 
response in all phases. Figures 5 and 6 illustrate response 
between ground squirrels and rats adrenals at 25° C as not 
being substantial. The rat response was slightly higher, 
but not significant. Figures 7 and 9 are rat cortices 
responses at temperatures of 5° C and 25° C. 
At above temperatures, Tapazole treatments produced an 
Increase in cortlcoid response at 12 hours. The cortices 
of both species were also unresponsive to other treatment 
effects at either temperature. 
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DISCUSSION 
Literature 
Heroux and SchOnbaum (1959) suggested that the release 
of corticosteroids could be used as a measure of evaluating 
adrenocortical activity in the rat. Saffran and Bayliss 
(1953) showed that rat adrenals were capable of releasing 
corticoids ^  vitro, and the rats of corticoid production 
diminished with time. Van der Vies (1957) found in vitro 
sensitivity of adrenal glands to adrenocorticotropic hormone 
(ACTH) stimulation increased with time. The increase according 
to Van der Vies resulted from a gradual depletion of endogenous 
pituitary-adrenal regulatory factors, which appeared to be in 
existence ^  vitro for only a short duration. If the ^  vitro 
adrenal sensitivity to ACTH stimulation does increase with 
time, then a comparison of immediate corticosteroid secretion 
rates vitro for estimating adrenal corticoid function in 
both rat and ground squirrel would be of value. This response 
was not demonstrated by the results obtained in the present 
experiment (Figures 1-10). This investigation consisted of 
time, temperature and pharmacological treatments on both 
ground squirrel and white rat adrenal sensitivity to ACTH. 
A statistical analysis of variance of interaction among 
species, time and temperature is shown in Tables 1, 2, and 3 
in the Appendix. 
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Ground Squirrels 
In vitro comparisons of the corticoid response indicated 
by corticoid secretion rate sensitivity to ACTH stimulation 
on ground squirrels adrenals and adrenal cortices were done 
at 25° C. (Adrenals were removed, cleaned free of fat and 
weighed.) One gland was demedullated, leaving only the 
cortex, and was compared ^  vitro to the other whole or total 
adrenal under different time, temperature and treatment con­
ditions. It was shown that at 25° C (Figures 5 and 10) 
neither the time nor the treatment effects had a significant 
influence on the 3^ vitro adrenal sensitivity to ACTH 
stimulation in the ground squirrel. The ^  vitro adrenal 
sensitivity to ACTH stimulation in those animals that received 
hexamethonium, Tapazole and norepinephrine paralleled that of 
the control group. At 10° C, treatment effects had little 
or no influence upon corticosteroid secretion rate level in 
the total adrenal or the cortex (Figures 1, 3, 5, and 10). 
The lack of response of increased adrenal corticoid secretion 
at 25° C and 10° C in ground squirrel adrenals and cortices 
seemed to indicate a possible stage of involution or atrophy 
of the adrenal tissues, possibly caused by preparation for 
hibernation. Hoffman (1964) demonstrated that the hibernating 
animals adrenal flucuated from periods of inactivity to 
normal periods of activity in the winter. Petrovié and 
Rajdic (1969) reported that in vitro adrenal secretion of 
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the ground squirrel was significantly less than that of the 
rat adrenal secretion when the animals were exposed to cold. 
Our investigations were performed during December 
through February. The ground squirrel adrenals were extremely 
difficult to isolate and remove because of excess fat deposits. 
Adrenal glands were very light in weight when compared to 
those of the rat on a body weight basis. 
At 5° C, Tapazole effects on corticoid secretion 
following ACTH stimulation on ground squirrel adrenals 
increased to highly significant levels (P > O.l), Figure 1. 
The ^  vitro adrenal corticoid secretion increased through 
eight-hour duration, and quadrupled at 12 hours. At 5° C, 
the effects produced by Tapazole in resensitizing a somewhat 
inert, unresponsive gland to ACTH stimulation appeared to be 
of some value. McCarthy, Corely and Zarrow (1959) demonstrated 
that prolonged Tapazole treatments vitro induced adrenal 
atrophy, most likely as a result of reduction of ACTH 
secretion. Another suggested possibility or cause was 
thyroid inhibition, followed by a decrease in thyroxine 
release, an increase in the pituitary secretion of TSH and 
a decrease in metabolic rate. The result could be possibly 
a decreased utilization of the adrenocorticoids. The findings 
of McCarthy et aJ. (1959) do shed some light on the effects 
of Tapazole on the adrenal response to ACTH stimulation in 
vitro. Raun and Burroughs (1962) reported that 80 percent 
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of the orally administered Tapazole given to rats was 
excreted within 24 hours and that the remaining 20 percent 
was excreted by the end of 48 hours. This does not rule out 
the enhancing effects of Tapazole in a short duration cold 
experiment involving adrenal sensitivity response to ACTH 
stimulation. Finally, the idea of extra-thyroidal effects 
cannot be ruled out, because the Tapazole treatment effects 
were demonstrated in animals exposed to cold for 12 hours. 
The possibility also exists that delayed effects of treat­
ments were indicated in the adrenal response to ACTH stimula­
tion vitro at 5° C, 
Petrovid and Rajcic (1969) reported that the degree of 
ground squirrel adrenal response to any treatment type under 
ACTH stimulation was caused in part by the seasonal maintenance 
of corticoid secretion rate levels and consequently to more 
than one corticoid level. The winter corticoid secretion 
rate levels were apparently low, and the effect of ACTH 
stimulation of the winter adrenals was minimal. 
The ground squirrel adrenal cortex response at 5° C to 
ACTH stimulation remained at low secretion rate levels as 
compared to the total adrenal response under Tapazole treat­
ment effects. One must not disregard the effects of stress 
on ground squirrel adrenals from handling and injections on 
the depletion of corticoid secretion rate at 25° C and 5° C. 
The ground squirrel adrenal responses to ACTH stimulation 
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were low compared to rat adrenal responses vitro under 
identical experimental conditions. Possibly the enhancing 
effects produced by Tapazole treatment on ground squirrel 
adrenal responses to ACTH were due in part to a pituitary-
thyroid -adrenal response mechanism. The mechanism suggests 
that because Tapazole is an antithyroid agent, thyroxine 
levels would decrease after eight hours. The pituitary 
probably responded to the decrease in thyroxine levels 
because Tapazole effects increased TSH and ACTH levels. The 
increased sensitivity vitro of the adrenals could have 
been caused by the low levels of pituitary-adrenal regulatory 
factors vivo. 
White Rats 
The 25° C experiment on corticoid secretion rates in 
rat adrenals showed increased sensitivity of the gland to 
treatments and temperatures vitro. 
The exogenous norepinephrine treatment produced the 
greatest response and hexamethonium the least to ACTH stimula­
tion (Figure 6). Cooper et (196O), working with adrenal 
cortex homogenates, showed that the medulla, when added to 
the homogenates, increased steroid formation 30 to 100 per­
cent. The catecholamines, when substituted for the medulla 
in the homogenates, increased the steroid formation in a 
similar manner. 
îîl 
A comparison of cortex response to treatments in our 
investigation with the rat and ground squirrel is shown in 
Figures 9 and 10. The difference in adrenal cortex response 
to ACTH stimulation at 25° C between the rat and ground 
squirrel indicates in the rat greatly increased sensitivity 
of the adrenal tissues vitro to the catecholamines 
present. Soumalainen and UuspâèC (1958) reported that the 
catecholamines ratios in hedgehog were altered by seasonal 
change. The indication of lowered norepinephrine or 
epinephrine ratios could enhance or inhibit ACTH influence 
on steriodogenesis in the present rat and ground squirrel 
experiments. 
The above findings might tie in ^ith those of Petrovic 
and Rajcic (1969) who reported that winter corticoid 
secretion rates were considerably less in ground squirrels 
than in rats. Their results also showed increased corticoid 
production by the adrenal tissues in response to norepine­
phrine and Tapazole to eight hours; then these levels 
tended to decline at 12 hours (Figure 9). Donaldson et al. 
(1965), working with duck adrenal tissues, reported that 
adrenal corticoid response to ACTH stimulation was even 
more evident with norepinephrine than were results from rat 
adrenal tissues. Therefore, a species specificity of adrenal 
sensitivity to catecholamines may exist. 
The rat adrenal and total adrenal response to ACTH 
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stimulation vitro under norepinephrine influence doubled, 
and in some cases tripled that of the control values. 
Influence of hexamethonium treatment on the cortical and 
total adrenal responses paralleled those values shown in 
the controls (Figures 4, 7> 8, and 9). The literature 
indicates nothing as to the effects of hexamethonium, a pre­
ganglionic agent, on adrenal response vitro on rats and 
ground squirrels. Possibly the decreased corticoid pro­
duction of the whole adrenals ^  vitro under hexamethonium 
influence was caused by the catecholamine effect of ACTH 
stimulation on the glands. 
At 10° C, rat total adrenal reaction ^  vitro was quite 
responsive to all treatments and to temperature influences 
(Figures 2 and 4). The rat cortical response to ACTH stimula­
tion ^  vitro was far less than the total adrenal under 
similar experimental conditions. A comparison of the rat 
cortical response and that of the ground squirrel under 
identical experimental conditions is presented in Figures 8, 
9, and 10. 
At 5° C, the rat total adrenal response was much 
greater than that of the rat cortical response under identical 
experimental conditions vitro. The hexamethonium treat­
ments influenced adrenal secretion paralleling that of the 
control adrenals. Responses of the adrenals of the control 
and hexamethonium treated animals exceeded considerably 
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those responses produced by norepinephrine and Tapazole 
treatments (Figures 2 and 7). The rat adrenal cortex 
response to hexamethonium was also greater than the response 
to norepinephrine and Tapazole. Hexamethonium did increase 
corticoid response initially and up to four hours. The 
response tended to decline up to eight hours duration but 
then, at 12 hours, increased to twice the original response 
(Figures 2 and 7). Because hexamethonium is a preganglionic 
blocking agent, it could very well decrease vivo cortical 
response to ACTH stimulation via decreased catecholamines. 
Therefore hexamethonium may enhance adrenal response to 
exogenous ACTH ^  vitro. 
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CONCLUSIONS 
The rat adrenal response differs considerably from that 
of the ground squirrel with respect to temperature and certain 
pharmacological treatments. Cold exposure Increased responses 
of the rat total adrenal and cortex but not those of the 
ground squirrel to vitro. 
The experiments were carried out from December to 
February. This might explain the considerably smaller 
response to treatments shown by the ground squirrels, because 
their cortical levels and adrenal sensitivity are subject to 
seasonal influence. 
Tapazole did not alter adrenal sensitivity to ACTH 
stimulation to any extent in either species. There was one 
exception at 5° C in the ground squirrel at 12 hours. This 
was attributed to pituitary-thyroid-adrenal mechanism 
Increasing TSH and ACTH levels, thereby increasing adrenal 
corticoid sensitivity to ACTH and consequently corticosteroid 
production. 
Hexamethonium produced its greatest effect on white 
rat adrenals. The results indicated both enhancing and 
inhibiting influences on corticoid production depending on 
temperature and cold duration. Much more work is required 
to explain these data. 
Norepinephrine elicited increases in rat cortical 
responses at 5° C compared to the lower responses in rat 
25 
adrenals. 
This last effect can best be explained in showing the 
value of the catecholamines as calorigenic agents in cold 
exposure studies. Both cortical and total adrenal responses 
were high at 25° C; however, the latter was much greater 
than the former. It is known that medullary extracts can 
increase corticoid output ^  vitro when added to adrenal 
homogenates in vitro. 
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SUMMARY 
Sprague-Dawley-Rolfsmeyer rats and 13-lined ground 
squirrels were used in a time, temperature and pharma­
cological treatment experiment on adrenal response in 
vitro. Also, the measure of adrenal response to 
corticoid production via ACTH stimulation, of a whole 
or total adrenal as compared to a demedullated (cortical) 
gland was attempted. 
The animals were injected with 4 uc of I 131, and 
divided into four groups each of six rats or six ground 
squirrels. 
The four groups of animals received the following 
treatments: 
a. Control animals receiving no injections; 
b. animals receiving 0.4 mg/ml Tapazole (l.P.); 
c. animals receiving the Tapazole treatment and, 
additionally, an injection (l.P.) of hexa-
methonium chloride at 0.5 mg/ml; and 
d. animals receiving Tapazole treatment plus an 
injection (l.P.) of norepinephrine (0.2 mg/ml). 
Each group of animals was exposed at: 
a. 25° C for periods of 4, 8, and 12 hours; 
b. 10° C for periods of 4, 8, and 12 hours; and 
c. 5° C for periods of 4, 8, and 12 hours. 
Treatment effect, temperature, and duration of exposure 
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to cold were investigated with respect to adrenal 
cortical sensitivity to ACTH stimulation. 
4. An analysis of variance for the interactions of the 
species, time, temperature and treatment effects was 
calculated, 
5. Values of adrenal response to ACTH stimulation vitro 
disclosed that: 
a. Adrenal glands of the rat responded to a greater 
extent than those of the ground squirrel, (P > O.l). 
b. Rat adrenal cortex responded generally with greater 
increases in corticoid levels compared to the 
ground squirrel cortex, (P > 0.1). 
c. Rat total adrenals, in general, responded with 
increased corticoid production to ACTH stimulation 
than did those of the ground squirrel, (P > O.l). 
d. Hexamethonium effects made whole or total adrenal 
responses greater than cortical responses, for 
example, 0.12-0.05 ug and 0.05^0.08 ug/lOO mg 
adrenal tissue/hour respectively. 
e. Tapazole inhibited corticoid response in both 
animals with the exception of large increases in 
one group of ground squirrels at 5° C. The average 
response was 0.05-0.01 ug and exceptional response 
was 0.89+0.10 ug/lOO mg adrenal tissue/hour. 
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f. Norepinephrine Increased rat whole or total adrenal 
sensitivity as compared with cortical sensitivity 
at 25° C and 5° C. The 12 hour response was 
O.3O-O.O2 ug and 0.24t0.08 ug/lOO mg adrenal tissue/ 
hour respectively, 
6. It is concluded that: 
a. Cold exposure increased the adrenal corticoid pro­
duction in rats but not in ground squirrels in 
vitro. The response is highly significant (P > O.l) 
in the rat as compared to the ground squirrel. 
b. In rats, norepinephrine elicits an effect in 
increased corticoid response to ACTH stimulation 
at 25° C and 10° C on the whole or total adrenal 
gland as compared to the cortex. 
c. Hexamethonium treatment has no effect on adrenal 
corticoid production under conditions of this 
experiment. 
d. With an exception in ground squirrel adrenals at 
5° C, Tapazole treatment effects at 12 hours tend 
to decrease corticoid response sensitivity to ACTH 
stimulation. 
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Table 1. Analysis of variance in white rat versus ground 
squirrel adrenals 
Source of 
variation! 
Sums of 
squares DP 
Mean 
squares P 
An 0.3348 1 0.3348 124.1842** 
T 0.0428 2 0.0214 7.9451** 
AnT 0.0189 2 0.0094 3.5192 
Ti 0.0014 2 0.0007 0.2632 
AnTi 0.0027 2 0.0013 0.5012 
TTi 0.0632 4 0.0158 5.8689* 
AnTTi 0.0782 4 0.0197 7.2597** 
Tr 0.0343 3 0.0114 4.2446* 
AnTr 0.0294 3 0.0098 3.6447* 
TTr 0.0233 6 0.0038 1.4416 
TiTr 0.0169 6 0.0028 1.0455 
AnTrT 0.0405 6 0.0067 2.5048 
TTiTr 0.0331 12 0.0027 1.0231 
^An = animals; T = temperature; Ti = time; and Tr = 
treatment. 
** 
Highly significant at 1 percent level. 
*Significant at 2.5 percent level. 
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Table 2. Analysis of variance in white rat versus ground 
squirrel adrenal cortices 
Source of^ Suras of Mean 
variation squares DP squares P 
An . 0.1790 1 0.1790 64.0052** 
T 0.0352 2 0.0176 6.2951** 
AnT 0.0236 2 0.0118 4.2272* 
Ti 0.0002 2 0.0001 0.0362 
AnTi 0.0016 2 0.0008 0.3014 
TTi 0.0436 4 0.0109 3.9024* 
AnTTi 0.0242 4 0.0060 2.1637 
Tr 0.0145 3 0.0048 1.7340 
AnTr 0.0082 3 0.0027 0.9818 
TTr 0.0173 6 0.0028 1.0323 
TiTr 0.0187 6 0.0031 1.1162 
AnTTr 0.0189 6 0.0031 1.1283 
TTiTr 0.0251 ' 12 0.0020 0.7482 
Error 18 
1 
An = animals; T = temperature; Ti = time; and Tr = 
treatment. 
Highly significant at 1 percent level. 
^Significant at 2.5 percent level. 
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Table 3. Analysis of 
squirrel 
variance in white rate versus ground 
Source of 
variation 
Sums of 
-*• squares DP 
Mean 
squares P 
An 0.0241 1 0.0241 11.1864** 
T 0.0134 2 0.0067 3.1047 
AnT 0.0009 2 0.0004 0.2157 
Ti 0.0022 • 2 0.0011 0.5258 
AnTi 0.0015 2 0.0007 0.3486 
TTi 0.0265 4 0.0066 3.0643* 
AnTTi 0.0309 4 0.0077 3.5805* 
Tr 0.0090 3 0.0030 1.3944 
AnTr 0.0077 3 0.0025 1.1932 
TTr 0.0094 6 0.0015 0.7318 
TiTr 0.0127 6 0.0021 0.9829 
AnTTr 0.0080 6 0.0013 0.6231 
TTiTr 0.0392 12 0.0032 1.5106 
Error 18 
A^n = animals; T = temperature; Ti = time; and Tr = 
treatment. 
Highly significant at 1 percent level. 
*Significant at 2.5 percent level. 
Table 4. Corticosterone secretion rates of adrenals at 5° C in pg/lOO mg adrenal 
tissue/hour 
Hours Controls Norepinephrine Hexamethonium Tapazole 
Ground squirrels 
4 0.0110 (±0.00l)& 0.0300 (±0.008) 0.0450 (±0.009) 0.0600 (±0.028) 
8 0.0610 (+0.006) 0.1080 (±0.028) 0.0610 (±0.017) 0.1400 (±0.032) 
12 0.0410 (±0.008) 0.0570 (to.Oil) 0.0550 (±0.014) 0.8900 (±0.006) 
White rats 
4 0.2000 (±0.039) 0.2400 (±0.024) 0.3300 (±0.036) 0.1700 (±0.013) 
8 0.1500 (±0.033) 0.2100 (±0.084) 0.1400 (±0.017) 0.2100 (±0.028) 
12 0.4100 (±0.030) 0.3000 (±0.012) 0.4800 (±0.015) 0.2100 (±0.028) 
^Numbers in parentheses = standard deviation. 
Table 5. Corticosterone secretion rates of adrenals at 10° C in ;ag/lOO mg adrenal 
tissue/hour 
Hours Controls Norepinephrine Hexamethonium. Tapazole 
Ground squirrels 
4 0.0700 (±0.035)* 
8 0.2000 (-0.100) 
12 0.1500 (to.075) 
0.0710 (±0.090) 
0.0470 (±0.030) 
0.0900 (±0.029) 
0.0700 (±0.015) 
0.0400 (±0.004) 
0.1100 (to.019) 
0.0500 (±0.010) 
0.0800 (±0.025) 
0.0710 (±0.025) 
White rats 
4 0.2300 (±0.007) 
8 0.3100 (to.076) 
12 0.0900 (±0.004) 
0.4000 (±0.080) 
0.2900 (to.080) 
0.2200 (±0.039) 
0.2100 (±0.070) 
0.1600 (±0.020) 
0.1100 (±0.031) 
0.1300 (±0.015) 
0.1800 (±0.040) 
0.1200 (±0.017) 
^Numbers in parentheses = standard deviation. 
Table 6. Corticosterone secretion rates of adrenals at 25° C in jug/lOO mg adrenal 
tissue/hour 
Hours Controls Norepinephrine Hexame thonium Tapazole 
Ground squirrels 
4 0.0300 (±0.002)& 0.0590 (±0.010) 0.1000 (±0.019) 0.0600 (±0.080) 
8 0.0870 (±0.035) 0.0400 (±0.004) 0.0100 (±0.001) 0.0700 (±0.009) 
12 0.1100 (±0.019) 0.0690 I
—
1 0 -
P. 
0.0100 (±0.001) 0.1000 (±0.099) 
White rats 
4 0.1100 (±0.012) 0.1800 (±0.015) 0.1200 (to.019) 0.1200 (±0.024) 
8 0.0800 r±0.040) 0.2900 (±0.043) 0.1600 (±0.028) 0.1800 (±0.045) 
12 0.1000 (±0.019) 0.2400 (±0.013) 0.2300 (±0.019) 0.1500 (±0.023) 
^Numbers in parentheses = standard deviation. 
Table 7. Corticosterone secretion rates of adrenal cortex at 5° C in jjg/lOO mg 
adrenal tissue/hour 
Hours Controls • Norepinephrine Hexamethonium Tapazole 
Ground squirrels 
4 0.0170 (-O.OOl)®- 0.0520 (±0.008) 0.0270 (±0.007) 0.0870 (±0.011) 
8 0.0900 (±0.014) 0.1000 (±0.017) 0.0770 (±0.009) 0.1350 (±0.059) 
12 0.0350 (±0.010) 0.0500 (±0.022) 0.0300 (±0.010) 0.0450 (±0.006) 
White rats 
4 0.1300 (+0.010) 0.2300 (±0.034) 0.1600 (±0.070) 0.1600 (±0.037) 
8 0.2000 (to.010) 0.1200 (±0.030) 0.2300 (±0.020) 0.2100 (±0.032) 
12 0.3800 (±0.038) 0.2600 (±0.026) 0.3500 (±0.013) 0.2000 (±0.010) 
^Numbers in parentheses = standard deviation. 
Table 8. Corticosterone secretion rates of adrenal cortex at 10° C in p.g/lOO nig 
adrenal tissue/hour 
Hours Controls Norepinephrine Hexamethoniurn Tapazole 
Ground squirrels 
4 0.0970 (±0.060)* 
8 0.0160 (±0.130) 
12 0.0600 (±0.100) 
0.0700 (±0.090) 
0.0470 (±0.130) 
0.0950 (±0.027) 
0.0900 (±0.080) 
0.0400 (±0.026) 
0.0780 (±0.037) 
0.0100 (±0.062) 
0.0550 (±0.280) 
0.0426 (±0.006) 
White rats 
4 0.2200 (±0.110) 
8 0.1600 (±0.018) 
12 0.0900 (±0.039) 
0.3600 (±0.030) 
0.3800 (±0.007) 
0.1100 (±0.023) 
0.0900 (±0.048) 
0.1000 (±0.020) 
0.1400 (±0.056) 
0.0900 (±0.031) 
0.1600 (to.070) 
0.1000 (±0.036) 
^Numbers in parentheses = standard deviation. 
Table 9. Cortlcosterone secretion rates of adrenal cortex at 25° C In jag/100 mg 
adrenal tissue/hour 
Hours Controls Norepinephrine Hexamethonlum Tapazole 
Ground squirrels 
4 0.0300 (+0.006)®' 0.0590 (±0.027) 0.0500 (±0.028) 0.0890 (±0.041) 
8 0.0380 (±0.140) 0.0500 (±0.029) 0.0300 (±0.021) 0.0300 (±0.021) 
12 0.0500 (±0.101) 0.0300 (±0.031) 0.0500 (±0.029) 0.0100 (±0.010) 
White rats 
4 0.1200 (±0.210) 0.1700 (±0.163) 0.2000 (±0.044) 0.0800 (±0.019) 
8 0.0700 (±0.021) 0.2300 (±0.030) 0.1000 (±0.013) 0.1600 (±0.030) 
12 0.0900 (±0.029) 0.1700 (±0.016) 0.1400 (±0.003) 0.0150 (±0.002) 
^Numbers In parentheses = standard deviation. 
Figure 1. Adrenal response in ground squirrels at 5° C 
temperature. Abscissa is hours duration 
exposure in cold. Ordinate is ug corticosterone 
output by gland 3^ vitro. Legend shows effects 
of drugs injected in live animals prior to in 
vitro analysis. •= controls; o = Tapazole 
(methimazole); a= norepinephrine plus 
Tapazolei x = hexamethonium plus Tapazole. 
^6 
c 
v° .7 
3 in 
m 
C) .6 
a 
c 
u 0 ,5 
< 
U) 
E 0 .4 
O 
o 
0 ,3 
% 
<D 
c 
2 0 .2 
a 
m 
O 
0 t .1 
o 
U 
5°C GROUND/SQUIRREL 
ADRENALS / 
/ 
/ 
/ 
/ 
.Jb 
COLD 
12 HOURS 
Figure 1 
Figure 2. Adrenal response in rats at 5° C temperature. 
Abscissa is hours duration exposure in cold. 
Ordinate is ug corticosterone output by gland 
in vitro. Legend shows effects of drugs 
injected in live aniinals prior to vitro 
analysis. = controls; o = Tapazole 
(methimazole); A= norepinephrine plus 
Tapazole; vc = hexamethonium plus Tapazole. 
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Figure 3. Adrenal response in ground squirrels at 10° C 
temperature. Abscissa is hours duration 
exposure in cold. Ordinate is ug corticosterone 
output by gland 3^ vitro. Legend shows effects 
of drugs injected in live animals prior to in 
vitro analysis. # = controls; o = Tapazole 
(methimazole)j A= norepinephrine plus Tapazolej 
X = hexamethonium plus Tapazole. 
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Figure 4. Adrenal response in rats at 10° 0 temperature. 
Abscissa is hours duration exposure in cold. 
Ordinate is ug corticosterone output by gland 
in vitro. Legend shows effects of drugs injected 
in live animals prior to ^  vitro analysis, # = 
controls; o= Tapazole (methimazole); a= 
norepinephrine plus Tapazole; X = hexamethonium 
plus Tapazole. 
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Figure 5. Adrenal response in ground squirrels at 25° C 
temperature. Abscissa is hours duration 
exposure in cold. Ordinate is ug corticosterone 
output by gland in vitro. Legend shows effects 
of drugs injected in live animals prior to in 
vitro analysis. # = controls; o= Tapazole 
(methimazole); norepinephrine plus Tapazolej 
X = hexamethonium plus Tapazole. 
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Figure 6. Adrenal response in rats at 25® C temperature. 
Abscissa is hours duration exposure in cold. 
Ordinate is ug corticosterone output by gland 
in vitro. Legend shows effects of drugs injected 
in live animals prior to ^  vitro analysis. # = 
controls; o = Tapazole (methimazole); A= 
norepinephrine plus TapazoleJ X = hexamethonium 
plus Tapazole. 
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Figure 7. Adrenal response in rat cortex at 5° C temperature. 
Abscissa is hours duration exposure in cold. 
Ordinate is fig corticosterone output by gland in 
vitro. Legend shows effects of drugs injected 
in live animals prior to ^  vitro analysis. #= 
controls; o= Tapazole (methimazole) ; a= 
norepinephrine plus Tapazole; X = hexamethonium 
plus Tapazole. 
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Figure 8. Adrenal response in rat cortex at 10° C temperature. 
Abscissa is hours duration exposure in cold. 
Ordinate is ug corticosterone output by gland in 
vitro. Legend shows effects of drugs injected 
in live animals prior to vitro analysis. $=. 
controls; o= Tapazole (methimazole); 4= 
norepinephrine plus Tapazole i K = hexamethonium 
plus Tapazole, 
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Figure 9. Adrenal response in rat cortex at 25° C temperature. 
Abscissa is hours duration exposure in cold. . 
Ordinate is ug corticosterone output by gland in 
vitro. Legend shows effects of drugs injected 
in live animals prior to vitro analysis, #«= 
c o n t r o l s ;  o  =  T a p a z o l e  ( m e t h i m a z o l e ) ;  A =  
norepinephrine plus Tapazolej X = hexamethonium 
plus Tapazole. 
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Figure 10. Adrenal response in ground squirrel cortex at 
25° C temperature. Abscissa is hours duration 
exposure in cold. Ordinate is ug corticosterone 
output by gland vitro. Legend shows effects 
of drugs injected in live animals prior to in 
vitro analysis. e = controls; o = Tapazole 
(methimazole); norepinephrine plus Tapazole; 
X = hexamethonium plus Tapazole. 
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